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ABSTRACT. Counts of spermatophores contained by field-collected females have
been widely used to investigate mating behavior of Lepidoptera. We present new counts
for Papilio glaucus L. females and reanalyze published data for this species to evaluate
the often implicit assumptions of this technique. In addition, we relate spermatophore
size and sequence to mating history of tiger swallowtail females captured in Wisconsin.
Number of spermatophores per female increased with both wear class and capture date.
Females that received small first spermatophores were significantly more likely to contain
one or more additional spermatophores than those that received large first spermatophores.
This suggests that more spermatophores per female result from inferior initial matings
and not necessarily from male mating preference.

Additional key words: spermatophore size, multiple-mating probability, Papilio glau-
cus, Papilionidae.

Because one spermatophore is passed during each copulation in most
Lepidoptera, and generally persists in recognizable form, counts of
spermatophores contained in females have been used to infer aspects
of mating systems in this taxon (Burns 1966, 1968, Taylor 1967, Pliske
1978, Ehrlich & Ehrlich 1978, Smith 1984). Burns (1968) documented
the validity of these two assumptions and warned of potential biases
from different aged samples. However, interpretations of spermato-
phore data are limited in additional ways that frequently have been
ignored.

Mating histories of female tiger swallowtails, Papilio glaucus L., as
revealed by spermatophore counts, probably are documented better
than any other species of butterfly (Drummond 1984). Over much of
its geographic range, P. glaucus females may be tiger-striped yellow
like males, or dark mimics of the distasteful Battus philenor (L.) (Brower
1958). Spermatophore counts were analyzed to evaluate the role of
sexual selection in maintaining this sex-limited color dimorphism in
female adults (Burns 1966, Makielski 1972, Pliske 1972, Platt et al.
1984). Drawing on this literature and additional studies in our labo-
ratory, we illustrate the strengths and limitations of using spermatophore
count data.

MATERIALS AND METHODS

Samples of Papilio glaucus canadensis females were collected from
five adjacent counties in north-central Wisconsin during the flight pe-
riod of the single generation in 1985. Of the 282 females collected, 152
were set up for oviposition; the other 130 were frozen until dissected.
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Females were assigned to a condition class either when set up or dis-
sected. We classified 78% of the females for wing wear within a four-
day period, which reduced potential bias due to changing standards by
the classifier during the flight season as discussed below. Females were
carefully dissected so that both number of spermatophores and their
relative position in the bursa copulatrix were determined (Drummond
1984). Since the spermatophore of an additional mating forces the
previous spermatophore forward in the saclike, posteriorly opening
bursa copulatrix, and since spermatophores change from creamy white
to yellow and collapse with time, accurate sequences of spermatophore
deposition were determined for 98% of collected females. Volumes of
the nearly spherical P. g. canadensis spermatophores were estimated
by averaging the longest and shortest diameters and calculating the
volume of such a sphere. Spermatophore dimensions were not measured
for 52 females.

RESULTS AND DISCUSSION

Reliability. Spermatophore counts are generally reliable as a measure
of female mating history (Burns 1968, Lederhouse 1981, Drummond
1984). Deviations from the one copulation-one spermatophore assump-
tion are rare. Only occasionally will Papilio males not pass a sper-
matophore during coupling, and we have detected only one case of two
spermatophores being passed during a single copulation (n = 226 hand-
pairings of Papilio). This exceptional case occurred during a prolonged
coupling lasting over 24 h. The same sample also contained one female
that laid viable eggs but contained no detectable spermatophore. She
did have seminal material in her bursa. Spermatophores are persistent
in swallowtail females; even females that have been maintained for 20-
30 days in the laboratory have obvious spermatophores. However, sper-
matophores may disintegrate rapidly in the lower Lepidoptera (Taylor
1967) where the spermatophore lacks chitin. Also, spermatophores are
gradually absorbed in females of a variety of higher Lepidoptera (Burns
1968, Ehrlich & Ehrlich 1978). This is particularly true for species
where females use nutrients contributed by males at copulation for egg
production (Boggs & Gilbert 1979, Boggs 1981). Therefore, it seems
prudent to verify the one copulation-one spermatophore relation for
each species for which spermatophore counts are used.

Ageing females. Even when spermatophore counts reliably indicate
number of copulations, there remain a variety of factors that must be
considered in evaluating such data in the context of mating behavior
and sexual selection. The difficulties chiefly involve controlling for fe-
male age and spermatophore quality.

It is logical to assume that older females should carry more sper-
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TABLE 1. Mean number of spermatophores contained by Papilio glaucus canadensis
females from Wisconsin in relation to wing condition and date of capture.

June 1985
Condition 6 13 20 27

Fresh 1.00 1.00 1.50 1.63
Slightly worn 1.20 1.18 1.55 1.85
Intermediate 1.56 1.61 1.84 2.33
Very worn 2.00 2.10 2.12 2.62
Mean 1.48 1.58 1.89 2.30
Sample size 25 108 79 70

matophores than younger females. However, it is difficult to age field-
collected females accurately. Recapture rates of marked females are
usually too low to provide known age samples (Lederhouse 1982). Wing
wear is an estimate of age, but may reflect the quality of life (encounters
with predators, inclement weather, or other factors; Lederhouse et al.
1987) as much as its quantity. By their nature, estimates of age are
subjective and may vary from investigator to investigator. Since rep-
resentatives of all age classes are not present throughout a flight season,
our experience suggests a tendency to overestimate age early in a gen-
eration when very worn individuals are scarce and underestimate it
late in a generation when very fresh individuals are rare. Nevertheless,
spermatophore numbers carried by females of a variety of species have
been shown to increase with estimates of age such as wing wear (Burns
1968, Lederhouse 1981, Drummond 1984, L.ederhouse & Scriber 1987).
This is illustrated within and across four sampling days for P. g. can-
adensis females (Table 1).

Accurate comparisons of samples rely on similar age structures or
the ability to control for age structure in analysis. However, female age
structures of natural butterfly populations are largely unknown. Sper-
matophore counts necessarily underestimate lifetime mating frequency.
Sampling removes females at an artificial point. Once sampled, a female
that would have remated the next day, and perhaps again the following
week, becomes equivalent to a female that would never have remated.
Since females may be singly-mated as a result of their mating system
or their young age, studies indicating female monogamy (Wiklund
1977, 1982, Wiklund & Forsberg 1985) must give age estimates for
their samples.

Comparisons of mating histories for different female morphs within
a population must control for female age. Pliske (1972) questioned the
importance of sexual selection in maintaining the frequency of the
yellow female phenotype in a Florida population of P. glaucus because
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he found no difference in number of spermatophores carried by yellow
or dark females. Our reanalysis of Pliske’s data indicates that his sample
of P. glaucus females cannot address effects of sexual selection on
differential remating of the two female morphs because females of both
morphs had mated too few times for a differential to be detectable.
Either females in his sample were too fresh (young) for many to have
mated more than once, or multiple-mating was rarer in central Florida
P. glaucus populations (Pliske 1972, 1973) than elsewhere (Burns 1966,
Makielski 1972, Platt et al. 1984, Lederhouse & Scriber 1987).

Spermatophore quality. Spermatophore quality may influence the
frequency with which a female mates. A common assumption is that
more spermatophores indicate superior mating, which is based on the
supposition that all spermatophores are equal. Yet young or frequently-
mating males produce smaller than average spermatophores (Sims 1979,
Svard & Wiklund 1986). Spermatophore volumes in early season P. g.
canadensis females suggest a bimodal distribution (Fig. 1). Hand-pair-
ing in our laboratory indicates that the larger spermatophores (about
7 mm?) result from males’ first matings and the smaller ones (about 4
mm3) from subsequent matings (LLederhouse, Ayres & Scriber in prep.).
Spermatophore size distribution from a late-season sample shows a
significant increase in frequency of smaller spermatophores compared
with the early-season sample (Fig. 1; Kolmogorov-Smirnov test, P <
0.005). Small spermatophores may result in lower egg fertility or more
rapid fertility declines (Lederhouse & Scriber 1987). Size of spermato-
phores is therefore an important aspect of quality that should be con-
sidered.

Since stretch receptors in the female’s bursa copulatrix may deter-
mine female receptivity (Sugawara 1979), smaller than average sper-
matophores might produce a shorter mating refractory period or none
at all. Indeed, a multiway contingency analysis of the probability of P.
g. canadensis females carrying multiple spermatophores demonstrates
a significant effect of spermatophore size, in addition to date of capture
and female condition class (Fig. 2, Table 2). Only 45% of 160 females
that received a large first spermatophore (>4 mm?) carried more than
one spermatophore compared with 63% of 70 females that had a small
first spermatophore (<4 mm?®). This difference is significant (x2, P =
0.002, Table 2) although both samples had similar age distributions as
indicated by wing-wear classes (x2, P > 0.25). This suggests that females
mated again to replace a small spermatophore. We observed a similar
relation for P. g. glaucus from an Ohio population (Lederhouse &
Scriber 1987). Of 164 females that received a large first spermatophore,
45% had mated more than once compared with 67% of 165 females
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F1G. 1. Size distribution of Wisconsin Papilio glaucus canadensis spermatophores
found in early-season females (captured 6-13 June 1985) and in late-season females
(captured 20-27 June 1985). N = 166 and 232 spermatophores, respectively.
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TABLE2. Results of multiway contingency analysis (SAS CATMOD) of the probability
of multiple-mating in P. g. canadensis. The null hypothesis tested for each source effect
was that proportion of remated females (carrying 2 or more spermatophores) did not
differ between categories of the independent variable. A graphical representation of the
analysis is in Fig. 2.

Source df Chi-square P
Condition 2 32.4 0.0001
Spermatophore size 1 102 0.002
Date of collection 1 5.6 0.018
Condition x date 2 4.7 0.10
Other interactions 1-2 <3.0 >0.22

that had a small first spermatophore (x> = 15.1, P < 0.0001, where
condition class and year were other sources of variation in the model).

Male P. glaucus generally emerge before females (Berger 1986),
which provides time for them to reach full sexual maturity before
copulation. Nevertheless, some small spermatophores carried by early
females could come from immature males because emergence curves
of the sexes do overlap (Berger 1986). The significant relation between
date of capture and probability of remating (Tables 1, 2) may result
from an increased proportion of females mating with previously mated
males later in the generation. Since size of spermatophore passed by a
male decreases with additional matings in P. g. canadensis (Lederhouse,
Ayres & Scriber in prep.) and proportion of males that had mated at
least once appears to increase later in the generation (Fig. 1), later
mating females were more likely to receive an insufficient spermato-
phore and mate again after a short refractory period. Late in the
generation, it was not uncommon for even fresh females to carry three
or four smaller than average spermatophores.

Even the size of a spermatophore may be a poor indicator of its
quality (Greenfield 1983, Jones et al. 1986). In our study of 1985 P. g.
canadensis females, we could detect no significant relation between
spermatophore size and percent egg hatch, despite wide variation in
egg hatch (range 0.0-97.5%, x = 58.5, n = 23). Similar-sized sper-
matophores may vary in relative proportions of different constituents
(Marshall 1982, Alcock & Hadley 1987, Marshall & McNeil in press).
This may be particularly important for those species where the sper-
matophore and associated secretions contribute to the nutrient pool
available to females for reproduction. Selection could favor male sperm
delivery strategies that treat females of different reproductive value
differently (Boggs 1981), or that fool a female with large but inexpen-
sive, low quality spermatophores.

Persistence of courtship is related to mating history in some lepi-
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FiG. 2. Probability of remating in Wisconsin Papilio glaucus canadensis females as
influenced by first spermatophore size, date of collection, and condition class. In 6 of 6
comparisons females receiving a small 1st spermatophore (hatched bars) were more likely
to remate than females receiving a large 1st spermatophore (stippled bars). Associated
contingency tests are in Table 2. Early-season females were captured 6-13 June and late-
season females 20-27 June 1985.

dopteran species (Rutowski 1979, 1980). High selectivity by either a
male or a female could lead to passing of a larger than average sper-
matophore followed by a longer than average mating refractory period.
Thus, preferred females might carry fewer but larger spermatophores
on average. Larger Dryas julia Fabr. females received larger sper-
matophores (Boggs 1981). Less selective males might mate more fre-
quently but pass smaller than average spermatophores. Less selective
females might receive smaller spermatophores, remate at shorter in-
tervals, and as a result carry more spermatophores on average. Such
potential results run counter to the logic of Burns (1966) and others.

These various factors do not invalidate spermatophore counts but
suggest that more care must be taken in interpreting count data. Count-
ing spermatophores remains a valuable tool, but count data must be
integrated with that of other techniques to yield an accurate appraisal
of mating behavior in Lepidoptera.



100 JOURNAL OF THE LEPIDOPTERISTS SOCIETY

ACKNOWLEDGMENTS

This research was supported in part by the National Science Foundation (BSR 8306060,
BSR 8718448), USDA grants #85-CRCR-1-1598 and #87-CRCR-1-2851, and the Grad-
uate School and College of Agricultural and Life Sciences (Hatch 5134) of the University
of Wisconsin and the Colleges of Natural Science and Agriculture of Michigan State
University (MAES Project 8051). We are grateful to P. Christi, M. Evans, E. Schuh, J.
Sibenhorn, J. Thorne, and V. Viegut for their assistance in collecting butterflies. R. H.
Hagen provided helpful comments on this manuscript.

LITERATURE CITED

ALCOCK, J. & N. F. HADLEY. 1987. Test of alternative hypotheses for assortative mating
by size: A comparison of two meloid beetles (Coleoptera: Meloidae). J. Kansas Ento-
mol. Soc. 60:41-50.

BERGER, T. A. 1986. Habitat use and reproductive ecology of the eastern tiger swal-
lowtail, Papilio glaucus L. Ph.D. Dissertation, Rutgers University, Newark, New
Jersey. 109 pp. Diss. Abstr. Int. microfilm order No. 8616563.

BoGas, C. L. 1981. Selection pressures affecting male nutrient investment at mating in
heliconiine butterflies. Evolution 35:931-940.

BoGas, C. L. & L. E. GILBERT. 1979. Male contribution to egg production in butterflies:
Evidence for transfer of nutrients at mating. Science 206:83-84.

BROWER, J. VZ. 1958. Experimental studies of mimicry in some North American but-
terflies. Part II. Battus philenor and Papilio troilus, P. polyxenes and P. glaucus.
Evolution 12:123-136.

BURNS, J. M. 1966. Preferential mating versus mimicry: Disruptive selection and sex-
limited dimorphism in Papilio glaucus. Science 153:551-553.

1968. Mating frequency in natural populations of skippers and butterflies as
determined by spermatophore counts. Proc. Natl. Acad. Sci. 61:852-859.

DRUMMOND, B. A. 1984. Multiple mating and sperm competition in the Lepidoptera,
pp- 291-370. In Smith, R. L. (ed.), Sperm competition and the evolution of animal
mating systems. Academic Press, New York.

EHRLICH, A. H. & P. R. EHRLICH. 1978. Reproductive strategies in the butterflies: 1.
Mating frequency, plugging, and egg number. J. Kansas Entomol. Soc. 51:666-697.

GREENFIELD, M. D. 1983. The question of paternal nutrient investment in Lepidoptera:
Male contributed proteins in P. interpunctella. Intern. J. Invert. Reprod. 5:323-330.

Jones, K. N., F. J. ODENDAAL & P. R. EHRLICH. 1986. Evidence against the sper-
matophore as paternal investment in checkerspot butterflies (Euphydryas: Nym-
phalidae). Am. Midl. Nat. 116:1-6.

LEDERHOUSE, R. C. 1981. The effect of female mating frequency on egg fertility in
the black swallowtail, Papilio polyxenes asterius (Papilionidae). J. Lepid. Soc. 35:
266-2717.

1982. Factors affecting equal catchability in two swallowtail butterflies, Papilio
polyxenes and P. glaucus. Ecol. Entomol. 7:375-383.

LEDERHOUSE, R. C.,, S. G. CopELLA & P. J. CowELL. 1987. Diurnal predation on
roosting butterflies during inclement weather: A substantial source of mortality in
the black swallowtail, Papilio polyxenes (Lepidoptera: Papilionidae). J. New York
Entomol. Soc. 95:310-319.

LEDERHOUSE, R. C. & J. M. SCRIBER. 1987. Ecological significance of a postmating
decline in egg viability in the tiger swallowtail. J. Lepid. Soc. 41:83-93.

MAKIELSKI, S. K. 1972. Polymorphism in Papilio glaucus L. (Papilionidae): Maintenance
of the female ancestral form. J. Lepid. Soc. 26:109-111.

MARSHALL, L. D. 1982. Male nutrient investment in the Lepidoptera: What nutrients
should males invest? Am. Nat. 112:197-218.

MARSHALL, L. D. & J. N. MCNEIL. In press. Spermatophore mass as an estimate of
male nutrient investment: A closer look in Pseudaletia unipuncta Haworth (Lepi-
doptera: Noctuidae). Functional Ecol.




VOLUME 43, NUMBER 2 101

PLATT, A. P., S. J. HARRISON & T. F. WiLLIAMS. 1984. Absence of differential mate
selection in the North American tiger swallowtail, Papilio glaucus, pp. 245-250. In
Vane-Wright, R. I. & P. R. Ackery (eds.), The biology of butterflies. Sympos. 11.
Academic Press, London.

PLISKE, T. E. 1972. Sexual selection and dimorphism in female tiger swallowtails, Papilio
glaucus L. (Lepidoptera: Papilionidae): A reappraisal. Ann. Entomol. Soc. Am. 65:
1267-1270.

1978. Factors determining mating frequencies in some New World butterflies
and skippers. Ann. Entomol. Soc. Am. 66:164-169.

Rutowskl, R. L. 1979. The butterfly as an honest salesman. Anim. Behav. 27:1269-
1270.

1980. Courtship solicitation by females of the checkered white butterfly, Pieris
protodice. Behav. Ecol. Sociobiol. 7:113-117.

Smvs, S. R. 1979. Aspects of mating frequency and reproductive maturity in Papilio
zelicaon. Am. Midl. Nat. 102:36-50.

SMITH, D. A. S. 1984. Mate selection in butterflies: Competition, coyness, choice and
chauvinism, pp. 225-244. In Vane-Wright, R. I. & P. R. Ackery (eds.), The biology
of butterflies. Sympos. 11. Academic Press, London.

SUGAWARA, T. 1979. Stretch reception in the bursa copulatrix of the butterfly, Pieris
rapae crucivora, and its role in behaviour. J. Comp. Physiol. A. 130:191-199.

SVARD, L. & C. WIKLUND. 1986. Different ejaculate delivery strategies in first versus
subsequent matings in the swallowtail butterfly Papilio machaon L. Behav. Ecol.
Sociobiol. 18:325-330.

TAYLOR, O. R. 1967. Relationship of multiple mating to fertility in Atteva punctella
(Lepidoptera: Yponomeutidae). Ann. Entomol. Soc. Am. 60:583-590.

WIKLUND, C. 1977. Courtship behaviour in relation to female monogamy in Leptidea
sinapis (Lepidoptera). Oikos 29:275-283.

1982. Behavioural shift from courtship solicitation to mate avoidance in female
ringlet butterflies (Aphantopus hyperanthus) after copulation. Anim. Behav. 30:790-
798.

WIKLUND, C. & J. FORSBERG. 1985. Courtship and male discrimination between virgin
and mated females in the orange tip butterfly Anthocharis cardamines. Anim. Behav.
34:328-332.

Received for publication 17 August 1988; accepted 2 December 1988.



